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[mm 1 ] SI O^TLAKWi^-fflKBBTL**^ 
6SS 1 WEK^«ft:*<|g{tA>^. ft 1 <7)®#m%#ttt 

<o*?L*««wiRit;jB^ ^mmut »*u % 1 » 

!tt!5S«tt t S 2 W^?L^JS«SicoHIJ Ifflffi*^ 2 

fc«tt»«:fflK*>RiII fcKfflfcRWrteftttStf 4 £ fc ft 
[000 1] 

X^tc J: 4 ^<0*ffi*ia*i£fc BWi . 
[0002] 

[mom) witf. r5xf7^ at, 

fW^*Efl£fiiC9#)£i:LT, 0. l~10TorrgI - 
3fcJJEOj^ftB0Wtf*iT»*. £<ofctf>. *«£ 

[0003] ±K«B*»IB]Hj£fcJaiR**fc - 

Witf, l#f!¥2- 1 5 1 7 l#&*fcti. 

486 2 6-94MB(ctt, ifltfti!ttfi*fflvi*;iH&tz j-> 

il*$*ucv**. £#i4»oSBKT»i. ^U^Afcifc-f 
S^gtt^XtRJCffl^XtfOfl^X^, «SSccoHB?L 50 



(2) ^H¥7-l 663 56 
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k Kp-lctfx 5rS£iJc«^S £ fc #Si L n t n S fflB£ 
[0 004] »WP2-7 39 79-34fc«fc:tt» 

mtLfc. *ti6i't4 2o«0Wi<i0iat=«K(SrKBL, « 

sp B i(os^CTvStt^xtRjeffl^x^fit^L. ^mu 
a»0>EaTC\ «ffi(c«j±^4i-c/o-K«r7X 

SiiTv^i. LfrLfrite, ££>;fr8rai, OTBtfx 
cod t^K3BB^(cflffl8ii&#X^£tf^ 
<. *ffifflO^x*^Mtc;^LR*5ffl^x<0fflffl^ 
( IK* ) #m » t v ^ RDBjStf ~> . 
[0005]$ A>(C S JJBfiasftffiWV^tft-jT 

l^fci«PfcS^£Jtrr£fcttif!3|«r^ 
[0006] 

[0007] 

tfffitt. m 1 tfO#?l^«SffiO-iBt2imS:*t-6m 1 
c0H#IM**^tt^fx. m 1 OH*SiB*i:»|p] LT 
m2(0^7L^S«ffi* { iS(t< ; } ix. f51SJ:ira2«0£?L 
^R««i{iSl5ffl*'x ^tt^tli $it. m l 
«Hc t S 2 oi^Sm^ifflffl*^ 2 wH«d^m 

am*±Tfcil«5r< t i> 2oK#*Jt* J: d 

?IA«Wit»l«ll*flW#Sr^U. fcJ:VW2<0* 
7L^JSmS&^LTa«(cRiEffl^xSrtt^t. 

-eOT7X'VCJ;-oTl)S$tl^vStt 

[0008] mmcrmmwmiiit. ± 

^(SS^-T, S«lc-fb^W. MMM. 
[0009] ^WHtcis^Ttt. *iSWl^)B»fcJCt 
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fMttt*ft*"f6«*ttt. 7 
4. 7 LTtt, 4 7-yft»t» (CF4 ) 

*\ 6 7 7 fltf« (C2 Fe 7 yflJaWT* 

^6 7 vftBM ( S Pe ) l?<07 »<HWMr**«Wf fe 

[0010]**:. 3Bfc:ftffix*/Wf-fcj« Hgykte 

^ftt LT(i, WiK, .x^y, x?>\ ro^y, 7' 
?y N ^y^y, *&v>$0>TMy&; x.+i'-y. 
rntru-y, 7f-y. ^yf-y^r^y^li^y;? 

^f-^r-fef-i^y^r/^yjs ; "<.y*y, wix 
y s df-yi^y, -fyfy, 77?i^y. 7x.i-yhuy 

yfO^Q7/l/*/i ; y?o^f y, y^crv* 

<7)T^a-;Hi; r-feh>, ^^xf-zi/^rhysra*- 
b>%. ; .X?7-/k i^t-^7/Pft K«^if 
aWfeft, ififcli, «BlTfl8flS*iTiJ:V>L2« 

7V*-7#;tf?$ttJB 

[oon]**:, mtwm* mm. mm. n 

«W»tt**tt4-*-&*:tt>fc, S i 0 2 . T i 0 2 . s 

nOi mn&mmmm * met* , *mt 

[00 1 2] ^ffittfXtlXlt. He, Ne. Ar, 

[0013] mmzk^fe&tfxtcD-Msiui. a 
wn®. &x^t>^k'izx^xm.m^ 

7 -;m*1iitfxk^%WAk<OM&Mi. 7>y 

K-ommm^mo . 3-5. o#m%«oia#j: 

[0014] *Jfti«fcttfflS<x4»Rtt, »», JBtt^ 
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*>*l 17*7X^7*: LT(i. PU(±\ tf'Jx^-yy 
t 1- 7 ? u - h 'J x-?- y y 7 7 9 v- Yt&ryft 0 x 
xtiI ; y xf - v yXtetf •jTnti' yfpc9# 'J y 
7 4 y ; tf'JXf-Uy ; tf'J 7$ H ; s|f yVftt?^ ; 
XV#-#*-h ; ^U7^'JP-h- l J;u^7-f;UA 

. ^{>W«)*g»(0tOTt»i5in. **:. 

[0015] JUTfcr5;if-</?«ofiffifc«*te*tt$- 

«**-f«5«iSiSHT , ft4. missis M 

SS 2 . Jtlflrf 4 » 1 WS 3 1 m 2 co^llfe 

mm®4 % *riflrr * 2 -xo««iai<or5Xvfta» 5 *^ 

* feflWSSfiTV^S. 

[00 16] mjSSSSnil 0kHz— 1 OOkHz^ 
20 «»T. »W7kVtf5«E*9ttiffriBI:8/iTV^. 88 
TKttSrtt-S-'f 4 1 0~3 0 k H zOfilttft*f#* U 

7 - 7X-7^(ii«*E<7)Ensnt«k-p-cfi : a* { s erap 

HEsW&ty* tr7X-7^SRl/-fe;1^7/^ 7X*5/Jn 

JK 5 - 4 0 k V/ c m SStC^ 4 <fc 3 fc«BE ^ ERJirf 4 
c7)* s ff*LV\ 

[00 1 7] MS^S2{i s ±®2atJSffi2b*<Xr 

30 ffl2btSl «0£?l£Rmffi3fc<3Hfc«*fr2d:fe.fc 
U±ffl 2 a t m 2 c7>^7L^JgmS 4 t «CM 2 e 

*ie^§ix-C^4„ »ffilf»2<otMHi. ifitcRfe 
«ffk«9** { fciiTv^s*fetf^f-yu^7;i'Sxi> 

[ 0 0 1 8 ] m 1 wzii&mwM 3&£xsm2 coz^s. 
^h<nx'h*). muzyrrtxoiz. w&nftmztfx 

«3 afcitM atmf^tlXii*) . *f|6j-t4flfc^ 
40 ^St«-t4«r&)ffiA < . ^XoajPSt^i^ftOR! 
fL3 bfej:l>'4 b £qrr4£fl.140BS£: S*iT V^4 1><0 

1 <7)|&?L&««ei 3 1 W 2 <7)^?L!fea«Si4 (4 
-^r^BM. fttiMlii^ 4id lz&® $tl& . 
[0019] SSI co^fl&J&mSfc J:^lg 2 crj^TL^JS 

XTy\sx*m&mm?k<?>'k®x' 

[0020] xmiizts^xii. m 1 nzii&mm^ 
^-m^zmne a £#-r4!& 1 «a*ss«*6*«»ftfe 
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i nzn&mm® 3 <7y-mx'% < „ m 2 cozii&m-m 

4<o-Bt;t&{tf>ix-Ci>JuU 81fcJ:tf»2tf>£fl, 
I002 1 ] xinWHXtlkbnfflLk. ixii. 
s 3 1 Hawc^^aji-r s hXo %mn 6 a *tt»t* 

Slis »ltf)#aAaiiffi3<0lB?L3bi:Rt*»^iiJ: 

t, ff-rr*ttt«Lfc<<*ifc», 0. 05 

[0022] »l«0H*K«*6tf!)»l^?L& 
«««3^i!R»i, »l<0#TlAH«tt^*ri*iIiI^- 

[0023 j ftffit&minwmrnbet^coziL 

[ 0 0 2 4 ] Stlfij-rSH 1 OHftfftft 6 k Sf5 2 <7)£?L 

Vtihtzib. 0. 5-2 0mm*fMU\ 

*[00 2 5]Jlll<0B^*ft6<0tHUL-Cli. *7 

tfyAlt4 7 •yfl:««7 , 9XvKJ:-jT««fc»ltT L 

ms.x-tm^mTf)i. 

[0026] 7v-m.ryX-?iz£$,Y7X-?>8im® 
5tt, 0lCfcwt{± N %\<rmmSh%Wbt^2<r)^, 
?IA*«ffi4<0iaogiaT-ft£. *«HHKfc^T«. _k 

§a<offiranflBSA«ss2^H*a«*8Ta*rfi4. ±ia 

tf, l«i»*< l )*v^^-h«<02tt<0»2<OBB«5tt« 

fc8at8b*nhX. 3H 1 DBKMft1K#6 fcW2tf)# 

'fLA*«fi40IBt:«»ao*ife*«JS«f 

£ , fJie^Sia^lfflffiSr^ 2 OBDtMfflttt 8 a k 8 b T 

mmmzm 3 . 2 &<oss 2 omfttsitts a t s 

btftefW**, S10HtMfttt*6kft20£7l*K 
? t , 2 flfcOS* 2 C0®m%^,fa 8 a k 8 b COOtS^* 



(4) «BH¥7-1 66356 

6 

. 2tt^)»2«)H*BniflE8afc8bW 
ffittlifMJKflc6kg2a3HFL&Jra& 

4tf)iBwiisi*»<9fflRww*tiiLgiv^**fc{iaflf 
2<nmmmmt. 2&mh-r3W2±m*&zt 

[0027] *«Wf)aEK«)«fflil!ffl*ffitC4JV^T. 7* 
5*-f<y?««7li. m^Httf#tft6klf52cD£7l 

io -rosk t d 2o(z^sij-rs <t ^ tsar* . ; « j: 

li, Witf. «IB«^-b*W)2tt«lll2«BMMJW# 
8 a k 8 b ^nt77^f 7 ?S$7 
Wfhtii. ±E<0S/-b*<0l|!2<0Ea*fiW* 
£ 3 «cCLh«ffl L . S«£ 2 ftJSLLflWB LT ^- httO 

t 3 ojy±*c#aw * i k *«r * * . 

[0028] aHR7<0«IWfflS:«*K»a^*fcU. 
m.7£i'-h#cr>2&.com2CDmftiM.t¥8<Lt8b 
20 ^nic{ft»]LCT. HnEW2HISr±Tt:2#IW-*OA« 

-7^SSP5(i, 0HcjSLfcr5Xv»lgS5ak5b 
IC^tS. ^»JS*lfcr5Xvjl!ia«5 at 5 bco^tit 

, m 2 ommmw s a 1 8 b <ort«a<ojt*t:^ 

0. d£0Jt$(il : 1-1 : 9 9<r)l§\X'$ZtlZb.tfX' 

. [0029] mihtziioiz^ mm tw.2<nmmm. 

30 [0030] m<0®tt^#6fcS&2<^?l&Jim«i 
40130^^, »R7t»20li*BWIft8K«l:^T 

m%tiz><r>x'-ms.tw%< zitfi* Tjawwtr 

LTli. Witf. H2 

^ktiO. ®lcOB|{*:^«fl£6fc®2«[S|«£i^*8 
40 OIBI . RV . ^ 2 cO^fL^Jgmffi 4 k 2 OSflcfJItfr 
80iat:fil3&»!S:IBiai}BJSS*6*ffi*«*ft) . *«4 
^2(7)E<*ISm(*8<7)(g!lffiWNS^IS : FL^raitl»^ffi^ 

. [003 1 ] »2rtHtt8*ftO«*i:l/Cli, fjiBL 
1 <7)Eif(cttttflcCttffl S n & «* k OjW 

[0032] *ffiHz&UXli. m&cr>£ o |c. MBS 

50 lt, m&iz^mxzi&tet&kmz^ micozn 
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[0033] ±K«6ffl#x£*iStt#.*tt. M^L 
X. *l«0£?La«TO3:l3JlflH2<0^&KlM4 
<?Mfx5AP9afcJ:tf9ba^ -7xya-ayha 

-y-xi&&.mfflix. 7? x*9sm& 5 aLtsxv 5 b 

mAlXh£W\ ®-&Ji<}mtZt:Mztt. R 
**£14#x fcttfl-fr hW5ffl<02!$frt> KfifctfxSA 

f 10£O^IAP10aK. 7X7D-3ybn- 

y-xm.mmix, rngmtzmxthnrnti, 

[0034] tfxm\<§ 1 Ott. Mfl§^2 rtO^ 

ait^-rjr^t. yyXi>mM5<nwmZW) 
(WUfifflifhtL. zm.Z#Xftn 1 0 b k ZixX i> i. 

mzimzi-izmztii. 

[0 0 3 5] it:. ^rsm'xte 

[0036] ffirie^J: dfc. W± s A HE 

(is »l«BIfl!3l«*6<OHIfL6at5j:t«52»#?L& 
*M540)8B?L4biK>. tfxSrKj&fflStffcifcfcJ: 
ot, 10 0~7 7 0Torr8KWJEAfcttfW-*C 

[0037] 3HMW)*ffifc J: -^t, mwLtxsmm* 

T55S^S2|*l&lTor rg^t-fS. fcfc, 83=5: 
*iStt;tfX£, #X»Atf 1 0O#X$AP 1 0a*» 

t> % ^x7u-?>vu-7-t,z£r>xffimmLxy! t 

a§ts2tCi#AU» KJ6ffl#x£, vX7o-a>ho 
-7-TSaBSi]»frr5Xv«Siai5 ai3j;tf 5 b 
#x*AP9afcJ:tf9bfr4>#ALT8SISH2 

[ 0 0 3 8 ] . 18ffilBI£SEE£eMn L^n-tt«r 
[0039] a*tttt^*^T5Xv*yifc(ifflK 

h. 

1 0 0 4 0 ] MaWflBttBanWE^SSTttS 
$ ft s Hut SEUjDmffiOKHT'Ji 5 #a*?|(*fl:3 ftT 
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[004 1] 
JtltMl 

H 1 t^L^T-^Xv^^S ( 35 1 c7)£?l£,ffi1Sffi3 

S U S 3 0 4 S^ttfafflOSfl 8 0 m miOR^S fc 
U *<?>±£.m 1 <7>Iltt!8«tt6 LTH?l 6 a 
SttS9 0mm s HA 1 mmWJf h 7 DXf 
UVx-Msffitg. 3S2«0#?l&Km«4l±SUS3 0 
4SUO*t|6jBBO«jS8 0mni<0R^) tOKlrVC. 3S2 

io «^?L^jg«^4 1 m i wattum* 6 1 commtft 5 

■ mmtlS^L)t. S^7t U80mmX80mmXf 
A 1 OOArniWJx^f^^l/A (JKUttSL fgp D p 
£ r/ps^-siOj ) *, »2<0BK*IWI#8fc LT 
CO, ^S8 0mm > (*]g70mm H HA^2. 5mm<7) 
iftlStf Otf 'J -f h 9 7 Wnxf U- y h 2 ftOPalfc 

zti&±3£<?>Tyx~?m.mmom2<?>2iL&m 

«K**<0"C. ft2a£ft6*1Eff4 2:*2aSftera 
*8tf)Hk &f\ ft2affi#mMc8fcm«>B9ftBra 
20 .«c6<0lBKIi, , 

[0042] lTor r4"CJS0K#^7* (BPS 
tf-f . WTHt) TP^P 1 2 J: 0««Ufe. «wc, 
4 7 WtR$#X£#X#AP9 a i D#Xg[fi5 s c 

c m-e, nxmxmxD 9 b i OtfxSi: 5 s c c m 

T\ *tl-f*l«Bl»»2rtt:WAL. tfc. 990s c 
cm^y^Atf^fctfXigAP 1 0 a J; 0J&SSS2 
flfc«AU 7 6 0Torr^MEtL^, Hiftg 
• 15kHz, 6. 2kV % 2 8m A^fl^T'EPflDl 1 0 

30 [ o o 4 3 3 <5:tc. XHftara«^flatt*fc*tt- 

*»*WM«BSfT->fc. i!S7 0mmc7)JM| 

jrcfcofc. mm*, xm.'mmxmi 

>tlS«, H^ltT6 3 %07 •yS^fflt^fe^-LT 
[0044 3 H»gW|2 

40 A« r^ 7 > yj ) SrfigffiL^^ fccofaii, HJtMlt 
[0045] J!i©SoffiKWSaaaojie*lc 

tttiimm. ommtowmmxmmmk 

1 1 0 4K*wL8i*ftS*iTV^;i:*fflB4,j6»-C*o 

. k . h . mm Lizm&cotmfitt e 3 «t* 0^.4 

■C 6 8 7 y fW t 3M£ttSm& IX^hZt WW> 
[0046] HttM3 

50 jhimi-c. ittudfjxxf^^uA^* 
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^mmcom^zm-^mm. m.®7 0mm(D>m 
mmxsmmt *> 1 0 8&Z7Him&fcZhz^&z 

\ooAi\mm\A 

m i izKUzr?x-?mim (m 1 mn±mmm3 

Ji S U S 3 0 4 $gO#ftffl<7)if f!8 0 m mcORSS k 
L. *<0±£fiSlOi]frIMft6klTim6a£:rf 
|.Ii9 0nim, JpAlmmC0^Drh57^DXf- 
P-y>--h£iefS. &2<o£?L&J»t«£4(iSUS3 0 
4S<?)^ffiiOES8 0mm(50n«M) KMWC, IS 2 

mummm 4 k is* 1 ^@f*^m# 6 k cosest* #7 1 

OmmlCf&gU:. ffif7k LT8 0mmX80mmX 

mo^7-s 1 oj ) Sr. m2<r>mwmmmtL 

TO, ?KI8 0mm, flgTOmm, Jf^8>5mmC9i& 
$#co;K 'J f b y y oxf u- y v-- h 2 ftcoPal C# 

ffi4 1 m 1 «ii*»«*6 eoiHfc§»Lfc ( v- y m. 
mm<nx\ m 2 ^n^mmm4 1 m 2 wsftismtt 

6«iawi, «*»coi»ia*«»jasii4 ) . 

[ 0 0 4 8 ] , lTorr £TiB«tf >7*T#m 
P12<t:9j#mL*:. ^ii20sccm(7) 
BfflMf* SrtfXgAP 9 a ± 0 . 2 0 s c c m 

<34 7'y-flU«#**;tf**AP9bJ:*h 4fc, 99 
0 s c c mtf)^y VAlfZitfzmAn 1 0 a J: 9 MS 
SM2rttC»AU 7 6 0Torr^tEa:tS. 
«15kHz ( 7. OkV, 2 5mA^m^TEpjP 

■[ o o 4 9 ] awe, wgft^a«oD«ffliffitf)tt*Ki«- 

*«i»a»5&fr*T-jfc. *«*S». Ittg7 0mmcr.3t!UI 
(Mrrtilffli 3 0 amT<0»**ft *7nL«*ft*h.-CtJ 
0 s ffeoffite 1 0 3 ££S LSMcffcSfiTfc 0 |S|b$£S 

(00 50] 

m 1 tc*Lfc7*9Xv»4«S (HI 1 cO^fl&KH® 3 
8J:lfl[l20#tt£«.W4tt» SUS304K 

fc* 1 OEttl8mtt6 k LTHffL6 a*** *«g9 0 
mm, 1 mmC0--K'JTh7 7/U3tDXf-UV^— h 
SrieS ) fcfcv vc . * 1 «>£7L£K-IS 3 ±<DSf5 1 OH 
6 k .ft 2 <0£?l&JISmiI4 ±<0ft 1 Ollfrf* 

[005 1] S$7kLT9 0mmX9 0mmXjf*l 
mm<7)l|i?«£ , ft 2 W|«ilft8 k LTO, ft88 0 
mm, rtg7 0mm. APfcft2mm<9&:K#t9;Ky f h 
7 7Woxfi/yx- h28W>GJfc»E*. iftSrxia 



(6) 66 35 6 

1 0 

cOT^Xv&tgBOft 1 co£?L£Bmffi3 ±Oft 1 CO 

WHfflm* 6 fc , a 2 (nzn&w.n.m ±oft 1 coEft 

RH*6fc<0fflfc»»U: (x-hAWK&cot', ft 

• 1 0#?L£&^& 3 ±coft 1 OHMSUft 6 k ft 2 WE 
ttK*tt8<0lBL »2«*71A*-»4±0»1 
oHftlMft 6 k ft 2 ollftiSSft 8 comztt s ffirt><0 

[00 52] lTor ritifimiK^yrt^ 

P12J:*)»»Lfc. #*}&120 sccmO 

10 (Ci H 2 ) #*£;«r:*3SAP9aJ:9, # 

X»SM20 s c cmC07-v<LXf-Uy (Ca F 4 ) #7. 
Sr^X^AP9bJ:0. 9 9 0 s c c mO^'J^ 
A#*£#x*£APl Oa£9MS£?§2l*jfc$AU 
7 6 0Torr^Safc». I«l 5kHz, 
7. OkV, 3 0mAO«^TEPlint5^IBia«(0«ffi 

[00533 »:{c, 3taa^»K<o«raffis . xa^ 

^ST'^-ff Lit*S« . ® 1 W L^i««i 3 HiCUiK 
'Jxfpy, H2<50^fL#Sm®4ffl!]tc(i*''JTh7 7 

[00 54] mmi 

m i \,z7T,Ltzryx-?mm. (mi ^jlawi*3 

iVB 2 ff&H&MMm4 S U S 3 0 4 $SO*f fl® 
(7311S8 0mm<7)R^fii:L, -ea-f fi%<n±S,Z% 1 (50 
Hf*R«*6kU'CBB?L6ai*-r4«S9 0niin, if 
A 1 mraO*'Jf h7 7MDXfl/>-/- h SrKlft) 
tC^V^-C, *l^#?L4ll®i3±0»loa«tSI«* 
30 6 k , ^2 c0^7L^«m®4±om 1 cOSfrf^lft 6 k 
<OlSIOl01*»5mmt:»ffiLfc. S«7kLT100 
mmX 1 0 OmmXjf&l 0 0 AtmcO^'JXXf^^ -r 
A'A (JKUm ffift* r /PS5-Sl Oj ) fc. »1 

«o^?L^a«ffi 3 ±com i (rmmmsk 6 k oiac7)S0i 

A i 3mmk^J:'3lC, ^ 1 «0#7L^K^S 3 frtMtl 

fctMtcsasnfcj&^t <k -o t . m 1 o^fL^JSSUffi 

3±«50^1<7)llfti^mi*6k, ^20^7L^JS«^4± 
. com 1 coEm^mft: 6 k eflBoSHHHcfflje L- ( -ftah 

40 fc ) . 

[0055 3 1 To rrJTifiUlfcK^ (US 

OTRt) T»*P1 2 J: "JiBHUft. ft^T\ 
^XgSfi 1 0 s c c mc04 7 vitffl&tfX}: 9 9 0 s c 
c mcO^s 'J *?h>fiX i fiXMAU 1 0 a «fc 0 2 
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* NOTICES* * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001]' 

[Industrial Application] This invention relates to the surface treatment approach of the substrate by the 
plasma under the pressure near the atmospheric pressure in more detail about the surface treatment 
approach of substrates, such as plastics, paper, a metal, glass, and ceramics. 
[0002] 

[Description of the Prior Art] Before, the surface treatment approach by the low-pressure glow discharge 
plasma of 0. 1 - lOTorr extent is widely learned as the approach of wettability control of the front face of 
substrates, such as plastics, paper, a metal, glass, and ceramics, or surface qualification, and, also 
industrially, it is applied. In this surface treatment approach, if it becomes a high pressure from the 
above-mentioned pressure, since discharge becomes local, it will shift to arc discharge and utilization to 
heat-resistant scarce plastics or a substrate like paper will become difficult, the above-mentioned 
pressure range is usually chosen so that it can apply to all substrates. For this reason, on the need of 
making it a vacuum (or low voltage), the container for processing needs an expensive vacuum chamber, 
and evacuation equipment is needed. Furthermore, if it is going to process to the substrate of a large area 
in order to process in a vacuum, a mass vacuum housing is needed and a large-sized thing is required 
also for evacuation equipment. Therefore, there was a trouble that facility costs became high. Moreover, 
when surface treatment of a substrate with high water absorption was performed, long duration was 
taken to make it a vacuum and there was also a trouble that a processing article became cost high. 
[0003] Then, in order to conquer the above-mentioned various troubles, the glow discharge plasma 
under the atmospheric pressure in which the processing to a large area substrate is possible has been 
proposed as low cost-ization of equipment and a facility. For example, the surface treatment approach of 
performing the glow discharge plasma to JP,2-15171,A under atmospheric pressure by the approach of 
using a thin line mold electrode for JP,2-48626,B by-the approach of arranging a solid dielectric in an 
electrode surface is proposed. Although the approach of supplying two or more puncturing to the plasma 
region near [ a perforated pipe to ] the substrate which it has was used by these proposals in the mixed 
gas of the inert gas and the gas for a reaction which are mainly concerned with helium, when it became 
the substrate of a large area in this case, there was a trouble that it was difficult for homogeneity to carry 
out diffusion supply of the gas. 

[0004] Moreover, it considers as the metal electrode which can supply the reactant gas for surface 
treatment which arranged the perforated plate-like solid dielectric in the opposed face for one side to 
JP,2-73979,A. A substrate is installed between two electrodes which used another side as the metal 
electrode and which counter, and inert gas and the gas for a reaction are supplied to inter-electrode 
space. Under the pressure near the atmospheric pressure Give an electrical potential difference to an 
electrode, the glow discharge plasma is made to cause, and the thin film forming method by contacting 
the active species excited by the plasma on a substrate front face is proposed. However, by this 
approach, there were few rates of the gas actually used for surface treatment among the gas for a 
reaction, intact gas occurred so much, and there was a trouble that the utilization ratio (yield) of the gas 
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for a reaction was bad. 

[0005] furthermore — although it is possible by floating and processing a substrate in the plasma to carry 
out. same surface treatment for the front flesh side of a substrate simultaneously even if it is in any of the 
above-mentioned conventional technique — simultaneous — a table — back — ** ~ there was a trouble 
that it could not process. 
[0006] 

fProblem(s) to be Solved by the Invention] The object of this invention supplies the gas for a reaction tq 
a substrate front face efficiently, and is to offer the surface treatment approach of a substrate that front 
flesh-side double-sided processing of a substrate can be simultaneously performed by the little amount 
of the gas used. 
[0007] 

[Means for Solving the Problem] The 1st solid dielectric with which the surface treatment approach of 
the substrate of this invention has puncturing on the whole surface of the 1st porous metal electrode is 
prepared. Counter with the 1st solid dielectric, the 2nd porous metal electrode is prepared, and supply of 
the gas for a reaction of the 1st and 2nd porous metal electrodes is enabled. Between the 1st solid 
dielectric and the 2nd porous metal electrode, a substrate is installed so that this space of the plasma 
generator with which the side face is made into the space covered with the 2nd solid dielectric may be 
divided into at least two up and down. While supplying inert gas to a substrate, the gas for a reaction is 
supplied to a substrate through the 2nd porous metal electrode through the 1st porous metal electrode 
and 1st solid dielectric. Under the pressure near the atmospheric pressure An electrical potential 
difference is given to an electrode, the glow discharge plasma is generated, and it is characterized by 
contacting simultaneously the active species excited by the plasma at the front face and rear face of a 
substrate. 

[0008] In this invention, mainly by forming formation of a surface functional group layer, formation of a 
free radical layer, a hydrophilic property, and a water-repellent thin film etc., the surface preparation of a 
substrate controls the surface energy of a substrate, makes the thin film of minerals or the quality of 
organic form in reforming the wettability and the adhesive property of a substrate, and a substrate front 
face, and points out chemical, mechanical, optical, and giving electrical characteristics etc. to a 
substrate. 

[0009] In this invention, the gas for a reaction and iaert gas which were chosen according to the object - 
of surface treatment are supplied to a plasma region, and surface treatment is performed. In making a 
stibstrate front face carry out the chemical bond of the fluorine, making surface energy low as gas for a - 
reaction, for example and giving water repellence, it uses the gas of fluorine content. As fluorine content 
gas, sulfiir fluoride gas, such as saturation fluoride [ carbon ] gas, such as 6 4 fluoride [ carbon ] (CF4), 
carbon, etc. fluoride (C two F6), and 6 sulfur fluorides (SF6), is mentioned. 

[0010] Moreover, when making surface energy high and giving a hydrophilic property to reverse, in 
order to make the layer which has functional groups, such as a carbonyl group, hydroxyl, and an amino 
group, form in a front face, the gas of a hydrocarbon compound is used. As the above-mentioned 
hydrocarbon compound, for example Methane, ethane, a propane, Alkanes, such as butane, a pentane, 
and a hexane; Ethylene, a propylene, Alkadiene, such as alkenes; pentadienes, such as a butene and a . 
pentene, and a butadiene; Acetylene, Alkynes, such as methylacetylene; Benzene, toluene, a xylene, 
Aromatic hydrocarbon, such as an indene, naphthalene, and a phenanthrene; A cyclopropane, 
Cycloalkanes, such as a cyclohexane; Cycloalkene; methanols, such as cyclopentene and a cyclohexene, 
Alcohols, such as ethanol; aldehydes, such as ketones; methanals, such as an acetone and a methyl ethyl 
ketone, and ethanal, are mentioned, and these may be used independently and may be used together two 
or more sorts. Moreover, it is also possible to use oxygen gas, the mixed gas of oxygen and hydrogen, a 
steam, ammonia gas, etc. in this case. 

[jQO 11] in order [ moreover, / chemical to a substrate mechanical, optical, and in order to give electrical 
characteristics etc. ] — Si02, Ti02, and Sn02 etc. — when forming a metallic-oxide thin film, the gas or 
the steams of an organic metal compound, such as hydrogenation metal gas, halogenation metal gas, or a 
metal alcoholate, are used. 
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[0012] As inert gas, although the simple substance or mixed gas of rare gas, such as helium, Ne, Ar, and 
Xe, or nitrogen gas is used, it is desirable to use helium advantageous to the life of a metastable state 
Understanding the gas for a reaction an excited part for a long time. To use inert gas other than helium, it 
is necessary to mix hydrocarbon gas, such as organic substance steams, such as an acetone within 2 
volume %, and a methanol, and methane, ethane. 

[0013] Although the mixing ratio of the gas for a reaction and inert gas is suitably decided by the class 
of gas, electrode structure, charge power, etc., when the gas for a reaction is below 10 volume %, glow 
discharge is observed and the surface treatment of it becomes possible. When giving water repellence, 
Since it is hard to generate the glow discharge plasma even if fluorine content gas concentration 
impresses high tension above about 10 volume %, below about 10 volume % is desirable, the mixing 
ratio of fluorine content gas and inert gas has little amount of the reactant gas used, and between 0.3 
which can end and can give water repellence - 5.0 volume %s is more desirable [ a mixing ratio ]. 
[0014] Construction material, especially a configuration, etc. are not limited, but, as for the substrate 
used for this invention, plastics, a metal, glass, a ceramic, paper, fiber, etc. are mentioned, and even if 
precise, as style trap 1 1 plastics, a film or sheets, such as polyethylene terephthalate and 
polyethylenenaphthalate, can be used also by porosity, for example. [, such as polyester; polyethylene or 
polypropylene, ] [, such as a polyolefine; polystyrene; polyamide; polyvinyl chloride; polycarbonate; 
pblyacrylonitrile, ] In the case of a film, what was extended may also be a non-extended thing. 
Moreover, what performed well-known processing of surface washing or surface-activity-izing may be 
used. 

[0015] Based on drawing, this invention is explained to an example for the case where water repellence 
is given to below on the surface of plastics at a detail. Drawing 1 is type section drawing showing an 
example of the plasma generator used for this invention. This equipment consists of a power supply 
section 1, a processing container 2, the 1st porous metal electrode 3 which counters and the 2nd porous 
metal electrode 4, and the two inter-electrode plasma treatment sections 5 that counter. 
[0016] A power supply section 1 is 10kHz - 100kHz in frequency, and impression of the electrical 
potential difference of a maximum of 7kV of it is enabled. For giving water repellence, the frequency of 
10-30kHz is desirable. Since the behavior which shifts to arc discharge is shown when processing takes 
time amount, and it is inefficient-like and is too high, since a plasma consistency and self-bias will 
become small if applied voltage is too low although impression of high tension performs plasma 
formation, it is desirable to impress an electrical potential difference so that it may become the field 
* strength of about 5-40kV/cm. 

[0017] Top-face 2a and base 2b is [ product made from stainless steel and side-face 2c ] the products 
made from Pyrex glass, and, as for the processing container 2, insulator 2e is arranged between base 2b m 
and the* 1st porous metal electrode 3 between 2d of insulators, and top-face 2a and the 2nd porous metal 
electrode 4. Glass and the product made from plastics are sufficient not only as this but all, and if the 
construction material of the processing container 2 has taken the electrode and the insulation, metal, 
such as stainless steel and aluminum, is sufficient as it. 

[0018] The 1st porous metal electrode 3 and the 2nd porous metal electrode 4 As the porous metal 
electrode itself serves as the supply pipe of gas and it is shown in drawing 1 The paths 3 a and 4a of gas 
are established in the interior of an electrode, it considers as the porous field which has the puncturing 

and 4b of a large number from which the opposed face to the electrode of another side which 
counters serves as the outlet section of gas, and supply of the gas for a reaction is enabled. In addition, 
the 1st porous metal electrode 3 and the 2nd porous metal electrode 4 are connected so that either may 
be an anode plate side and another side may be on a cathode side. 

[0019] Pure metals, such as a metal of multi.component systems, such as stainless steel and brass, or 
copper, and aluminum, are also available for the construction material of the 1st porous metal electrode 
and the 2nd porous metal electrode. 

[0020] In this invention, the 1st solid dielectric 6 which has puncturing 6a on the whole surface of the 
1st porous metal electrode 3 is formed. In addition, if needed, the 1st solid dielectric 6 may be formed in 
tKe whole surface of the 2nd porous metal electrode 4 instead of the whole surface of the 1 st porous 
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metal electrode 3, and may be prepared in the whole.surface of both 1st and 2nd porous metal 
electrodes. 

[0021] As a configuration of the 1st solid dielectric 6, although the shape of the shape of a sheet and a 
film is also available, it is necessary to prepare puncturing 6a which can pass gas like the 1st porous 
metal electrode 3. The magnitude of puncturing 6a of this 1st solid dielectric 6 is the same as puncturing 
3b of the 1st porous metal electrode 3, or is made smaller than it. Since the thickness of the above- 
mentioned solid dielectric 6 will stop being able to discharge easily if dielectric breakdown will happen 
at the time of high-tension impression, arc discharge will arise, if too thin, and it is too thick, its 
thickness of 0.05-4mm is desirable. 

[0022] Moreover, since arc discharge will arise into the part if there is a part which is not arranged in a 
part of opposed face of the 1st porous metal electrode, the arrangement to the 1st porous metal electrode 
3 of the 1st solid dielectric 6 needs to be arranged all over an opposed face. Therefore, it is necessary to 
make it some porous metal electrodes not expose puncturing 6a prepared in the 1st solid dielectric 6 by 
the puncturing. 

[0023] As arrangement structure of the 1st solid dielectric 6 which counters, and the 2nd porous metal 
electrode 4, it is desirable that is a parallel plate mold mutually as shown in drawing 1 . 
[0024] Although the distance between the 1st solid dielectric 6 which counters, and the 2nd porous 
metal electrode 4 is suitably determined by the quantity of gas flow of the gas for a reaction, the 
magnitude of applied voltage, the thickness of a processing substrate, etc. If too long, the homogeneity 
of diffusion of the gas of the space between the 1st solid dielectric 6 which counters, and the 2nd porous 
metal electrode 4 will be spoiled, and the intact gas for a reaction increases, and since it is inefficient- 
like, 0.5 -20mm is desirable. 

[0025] As construction material of the 1st solid dielectric 6, plastics, such as ceramic; glass; 
polytetrafluoroethylene and polyethylene terephthalate, is used, and it is suitably chosen by reactivity 
with the gas for a reaction. For example, since glass melts easily by 4 fluoride [ carbon ] plasma, in 
water-repellent grant, it is hard to use. Moreover, discharge generating is easier for an ingredient with a 
logger dielectric constant, and it can discharge with little applied voltage. 

[0026] The plasma treatment section 5 by the glow discharge plasma is the space between the 1st solid " 
dielectric 6 and the 2nd porous metal electrode 4 in drawing 1 . In this invention, as for the above- 
mentioned space, a side face is covered with the 2nd solid dielectric 8. As for the approach of covering 
the side face of the above-mentioned space with the 2nd solid dielectric, the approach of putting 
between the 1st solid dielectric 6 and the 2nd porous metal electrode 4 in piles is mentioned [ solid 
dielectric /********** sheet-like / of two sheets / 2nd solid dielectric 8a and 8b ] in the interior. 
Effectively the side face of the aforementioned space with the 2nd solid dielectric 8a and 8b in this case, 
to a wrap sake Sum total thickness of the 2nd solid dielectric 8a and 8b of two sheets is made almost 
equal to the distance between the 1st solid dielectric 6 and the 2nd porous metal electrode 4 (however, • 
like the after-mentioned). When crowded on both sides of a substrate between the 2nd solid dielectric 8a 
and 8b of two sheets, what the sum total thickness of the 2nd solid dielectric 8a and 8b of two sheets 
makes almost equal to the die length which deducted the thickness of a substrate from the distance 
between the 1st solid dielectric 6 and the 2nd porous metal electrode 4 is desirable. Moreover, not only 
two sheets but the thing for which three or more sheets are used is possible for the 2nd solid dielectric of 
the shape of an above sheet. 

[0027] In the surface-preparation approach of the substrate of this invention, a plastic plate 7 is installed 
so that the space covered with the 1st solid dielectric 6, the 2nd porous metal electrode 4, and the 2nd . 
solid dielectric 8 may be divided into at least two up and down. Thus, as an approach for installing a 
plastic plate 7, the approach of putting a plastic plate 7 between the 2nd solid dielectric 8a and 8b of two 
sheets of the shape of an above sheet is mentioned, for example. Moreover, the aforementioned space 
can be divided into three or more upper and lower sides, if the 2nd three or more solid dielectrics of the 
shape of an above sheet are used and a substrate is put between the sheet-like 2nd solid dielectric using 
two or more substrates. 

[0028] In order to process easily front flesh-side both sides of a substrate 7, it is desirable to put a 
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substrate 7 between the sheet-like 2nd solid dielectric 8a and 8b of two sheets, and to divide the 
aforementioned space into two up and down. In this case, the plasma treatment section 5 by the glow 
discharge plasma turns into the plasma treatment sections 5a and 5b shown in drawing 1 . Although the 
rate of a volume ratio of the divided plasma treatment sections 5a and 5b turns into a ratio of the content 
volume of the 2nd solid dielectric 8a and 8b and this ratio can be changed between 1:1-1:99, 1:1 which 
is easy to control a quantity of gas flow is desirable. 

[0029] As described above, as for the sum total thickness of a substrate 7 and the 2nd solid dielectric 8, 
it is desirable to make it almost equal to the distance between the 1st solid dielectric 6 and the 2nd 
porous metal electrode 4. 

[0030] Although its initial complement decreases since the gas for a reaction is efficiently used for 
processing so that it will be carried out, if the space between the 1st solid dielectric 6 and the 2nd porous 
rgetal electrode 4 is sealed with a substrate 7 and the 2nd solid dielectric 8, the clearance between 
sufficient extent to spread inert gas in the plasma treatment section 5 is required. As an approach of 
making a clearance forming, it is the approach (as an approach of preparing irregularity) of, for example, 
preparing irregularity in a sheet top face or an underside case [ whose 2nd solid dielectric 8 is / like the 
aforementioned sheet ]. By using the sheet which has corrugated plate-like irregularity, for example, 
between the 1st solid dielectric 6 and the 2nd solid dielectric 8, And or there is a method of making few 
clearances form between the 2nd porous metal electrode 4 and 2nd solid dielectric 8, the method of 
opening small puncturing in the side face of the 2nd solid dielectric 8 etc. is mentioned. 
[003 1] although the thing same as construction material of the 2nd solid dielectric as the construction 
material used for said 1st solid dielectric carried out is mentioned — the 1st solid dielectric - being the - 
S&me — you may differ by carrying out. 

[0032] While a substrate is installed as mentioned above in this invention so that said space may be 
divided into at least two up and down, and supplying inert gas to a substrate The gas for a reaction is 
supplied to a substrate through the 2nd porous metal electrode through the 1st porous metal electrode 
and 1st solid dielectric. Under the pressure near the atmospheric pressure An electrical potential 
difference is given to an electrode, the glow discharge plasma is generated, and the active species 
excited by the plasma is simultaneously contacted at the front face and rear face of a substrate. 
[0033] Mix and control of flow of the above-mentioned gas for a reaction and the inert gas is carried out 
with a massflow controller from the gas inlets 9a and 9b of the 1st porous metal electrode 3 and the 2nd 
porous metal electrode 4. Although you may introduce into the plasma treatment sections 5a and 5b, in 
order to process with sufficient homogeneity It is desirable to introduce only the gas for a reaction from 
gas inlets 9a and 9b, to carry out control of flow of the inert gas with a massflow controller, and to 
introduce it into the processing container 2 from gas inlet 10a of the gas installation tubing 10 which is 
distant from the inter-electrode space which counters. 

[0034] Although it is made for the part in the processing container 2 to have the perimeter of the plasma 
treatment section 5 surrounded as shown in drawing 1 and many holes may be set to gas outlet 10b in an 
open eclipse and its hole at the inner skin of the surrounded part, especially, the gas installation tubing 
10 is not constituted in this way, but ** also diffuses gas for it in homogeneity mostly in the processing 
container 2. 

[0035] Moreover, the intact gas for a reaction and inert gas are discharged from the gas exhaust port 1 1 
of a processing container. 

[0036] As mentioned above, in this invention, surface treatment is performed by the pressure near the 
atmospheric pressure. The pressure near [ this ] the atmospheric pressure is maintaining to the pressure 
qf 100 - 770Torr extent by making gas blow off from puncturing 6a of the 1st solid dielectric 6, and 
puncturing 4b of the 2nd porous metal electrode 4, and its atmospheric pressure is desirable when it 
takes low cost-ization of equipment or a facility into consideration. 

[0037] By the approach of this invention, if an example of an approach which performs surface 
treatment of a substrate is given, first, the processing container 2 will be exhausted and let the inside of 
the processing container 2 be lTorr extent. Next, carry out control of flow of the suitable inert gas with a 
massflow controller from gas inlet 10a of the gas installation tubing 10, and it introduces into the 



http ://www4 . i pdl . nci pi . go.j p/cgi -b in/tran_web_cgi_ej j e 4/13 /OS 



. JP,07- 166356, A [DETAILED DESCRIPTION] 



Page 6 of 9 



processing container 2 and control of flow of the gas for a reaction is carried out with a massflow 
controller, and it introduces into the plasma treatment sections 5a and 5b from gas inlets 9a and 9b, and 
let the inside of the processing container 2 be a pressure near the atmospheric pressure. 
[0038] Next, impress an electrical potential difference to inter-electrode, the glow discharge plasma is 
made to cause, the active species excited by the plasma is simultaneously contacted at the front face and 
rear face of a substrate, and surface treatment of a substrate is performed. 

[£039] To the atmospheric pressure plasma treatment of water-repellent grant, it is unnecessary and 
especially heating and cooling of a substrate are possible enough under a room temperature. 
[0040] Moreover, even if the processing time is determined in the magnitude of applied voltage, it 
****** in about 5 seconds in the range of said applied voltage and it processes over the time amount 
beyond it, water-repellent ****** does not improve but short-time processing is enough as it. 
[0041] 

[Example] Hereafter, the example of this invention is explained. 

The plasma generator shown in example 1 drawing 1 (the 1st porous metal electrode 3 is used as a disk - 
mold with a diameter [ of the opposed face made from SUS304 ] of 80mm, and arranges on it the 
polytetrafluoroethylene sheet with a diameter [ of 90mm ], and a thickness of 1mm which has 
puncturing 6a as the 1st solid dielectric 6.) The 2nd porous metal electrode 4 set the distance of the 2nd 
porous metal electrode 4 and the 1st solid dielectric 6 as about 5mm in the disk mold with a diameter 
[ of the opposed face made from SUS304 ] of 80mm. as a substrate 7 - polyester film (the Toray 
Industries, Inc. make — ) with a 80mmx80mmx thickness of 100 micrometers A trade name "lumiler 
S10" The outer diameter of 80mm as the 2nd solid dielectric 8, It inserted between two 
polytetrafluoroethylene sheets of the shape of a corrugated plate with a bore [ of 70mm ],'and a 
thickness of about 2.5mm, and equipped with this between the 2nd porous metal electrode 4 and 1st 
Solid dielectric 6 of the above-mentioned plasma generator (since a sheet is a corrugated plate-like). Few 
clearances are formed between the 2nd porous metal electrode 4 and 2nd solid dielectric 8 and between 
the 2nd solid dielectric 8 and the 1st solid dielectric 6. 

[0042] Next, it is an oil sealed rotary pump (not shown) to lTorr. the following - being the same - it 
exhausted from the exhaust port 12. Subsequently, it was quantity-of-gas-flow 5sccm from gas inlet 9a 
about 4 fluoride [ carbon ] gas, and after having introduced in the processing container 2 by quantity-of- 
gas-flow 5sccm from gas inlet 9b, respectively, and introducing the gaseous helium of 990sccm in the 
processing container 2 and making it into the atmospheric pressure of 760Torr from gas inlet 10a, it 
impressed with power (the frequency of 15kHz, 6.2kV, and 28mA), and surface treatment of a substrate 
was carried out for 10 seconds. 

[0043] Next, contact angle measurement to the pure water of the processing side of the substrate after 
processing was performed. Consequently, it was clear that front flesh-side both sides show 108 degrees, 
and are ******(ed) in the processing field with a diameter of 70mm. In addition, the contact angle of the 
used substrate was 65 degrees. Moreover, as a resultof analyzing a processing side by X-ray 
photoelectron spectroscopy, it turned out that 63% of fluorine is carrying out the chemical bond to the 
front fape by the atomic ratio. 

[0044] In the example 2 example 1, everything but having used the polyimide film (the Toray Industries, 
Inc. make, trade name "Kapton") carried out surface treatment like the example 1 instead of having used 
polyester film as a substrate. 

[0045] Consequently, it was clear that the contact angle's over the pure water of the processing side of 
the substrate after processing front flesh-side both sides show 104 degrees, and are ******( e d) in the 
processing field with a diameter of 70mm. In addition, the contact angle of the used substrate was 63 
degrees. Moreover, as a result of analyzing a processing side by X-ray photoelectron spectroscopy, it 
tflrned out that 68% of fluorine is carrying out the chemical bond to the front face by the atomic ratio. . 
[0046] In the example 3 example 1, everything but having used the filter paper performed surface 
treatment like the example 1 instead of having used polyester film as a substrate. Consequently, it was 
clear that the contact angle's over the pure water of the processing side of the substrate after processing 
front flesh-side both sides show 108 degrees, and are ******( e d) in the processing field with a diameter 
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of 70mm. 

[0047] The plasma generator shown in example 4 drawing 1 (the 1st porous metal electrode 3 is used as 
a disk mold with a diameter [ of the opposed face made from SUS304 ] of 80mm, and arranges on it the 
polytetrafluoroethylene sheet with a diameter [ of 90mm ], and a thickness of 1mm which has 
puncturing 6a as the 1st solid dielectric 6.) The 2nd porous metal electrode 4 set the distance of the 2nd 
porous metal electrode 4 and the 1st solid dielectric 6 as about 10mm in the disk mold with a diameter 
[•bf the opposed face made from SUS304 ] of 80mm. as a substrate 7 - polyester film (the Toray 
Industries, Inc. make — ) with a 80mmx80mmx thickness of 100 micrometers A trade name "lumiler 
S10" The outer diameter of 80mm as the 2nd solid dielectric 8, It inserted between two 
polytetrafluoroethylene sheets of the shape of a corrugated plate with a bore [ of 70mm ], and a 
thickness of about 5mm, and equipped with this between the 2nd porous metal electrode 4 and 1st solid 
dielectric 6 of the above-mentioned plasma generator (since a sheet is a corrugated plate-like). Few 
clearances are formed between the 2nd porous metal electrode 4 and 2nd solid dielectric 8 and between 
the 2nd solid dielectric 8 and the 1st solid dielectric 6. 

[0048] Next, it exhausted from the exhaust port 12 with the oil sealed rotary pump to lTorr. 
Subsequently, after introducing 4 fluoride [ carbon ] gas of quantity-of-gas-flow 20sccm for the oxygen 
gas of quantity-of-gas-flow 20sccm in the processing container 2 from gas inlet 9a more nearly again 
than gas inlet 9b and making the gaseous helium of 990sccm into the atmospheric pressure of 760Torr 
from gas inlet 10a, it impressed with power (the frequency of 15kHz, 7.0kV, and 25mA), and surface 
treatment of a substrate was carried out for 15 seconds. 

[0049] Next, contact angle measurement to the pure water of the processing side of the substrate after 
processing was performed. Consequently, it turned out that processing from which one side indicates the 
qpntact angle of 30 or less degrees to be, hydrophilization is carried out in the processing field with a 
diameter of 70mm, other fields indicate 103 degrees to be, it ******, and both sides of a substrate differ 
simultaneously was performed. In addition, the contact angle of the used substrate was 65 degrees. 
[0050] The plasma generator shown in example 5 drawing 1 (the 1st porous metal electrode 3 and the 
2nd porous metal electrode 4) The diameter of 90mm which considers as a disk mold with a diameter 
[ of the opposed face made from SUS304 ] of 80mm, and both has puncturing 6a as the 1st solid 
dielectric 6 on it, respectively, In arrangement, the distance between the 1st solid dielectric 6 on the 1st 
porous metal electrode 3 and the 1st solid dielectric 6 on the 2nd porous metal electrode 4 was set as 
about 5mm for the polytetrafluoroethylene sheet with a thickness of 1mm. 
[005 1] A copper plate with a 90mmx90mmx thickness of 1mm as a substrate 7 as the 2nd solid 
dielectric 8 It inserts between two polytetrafluoroethylene sheets of the shape of a corrugated plate with 
the outer diameter of 80mm, a bore [ of 70mm ], and a thickness of about 2mm. This The 1 st solid 
dielectric 6 on the 1st [ of the above-mentioned plasma generator ] porous metal electrode 3, It equipped 
between the 1st solid dielectric 6 on the 2nd porous metal electrode 4 (since a sheet is a corrugated 
plate-like). Few clearances are formed between the 1st solid dielectric 6 between the 1st solid dielectric 
6 on the 1st porous metal electrode 3, and the 2nd solid dielectric 8, and on the 2nd porous metal 
electrode 4, and the 2nd solid dielectric 8. 

[0052] Next, it exhausted from the exhaust port 12 with the oil sealed rotary pump to lTorr. 
subsequently, the acetylene (C two H2) gas of quantity-of-gas-flow 20sccm - gas inlet 9a — the fluoride 
ethylene (C two F4) gas of quantity-of-gas-flow 20sccm - gas inlet 9b - moreover, after introducing the 
gaseous helium of 990sccm in the processing container 2 and making it into the atmospheric pressure of 
760Torr from gas inlet 10a, it impressed with power (the frequency of 15kHz, 7.0kV, and 30mA), and 
surface treatment of a substrate was carried out for 5 minutes. 

[0053] Next, as a result of analyzing the processing side of the substrate after processing by X-ray 
photoelectron spectroscopy, it turned out that the spectrum very similar to the spectrum of 
polytetrafluoroethylene is obtained at the porous 1st metal-electrode 3 side at the porous polyethylene 
and 2nd metal-electrode 4 side, and each polymerization film is formed in substrate both sides. 
[0054] The plasma generator shown in example of comparison 1 drawing 1 (the 1st porous metal 
electrode 3 and the 2nd porous metal electrode 4 are used as a disk mold with a diameter [ of the 
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opposed face made from SUS304 ] of 80mm) The polytetrafluoroethylene sheet with a diameter [ of 
90mm ] and a thickness of 1mm which has puncturing 6a as the 1st solid dielectric 6 on it, respectively 
is set to arrangement. The 1st solid dielectric 6 on the 1st porous metal electrode 3, The distance 
between the 1st solid dielectric 6 on the 2nd porous metal electrode 4 was set as about 5mm. As a 
substrate 7, polyester film (the Toray Industries, Inc. make, trade name "lumiler S10 M ) with a 
lOOmmxlOOmmx thickness of 100 micrometers so that the distance between the 1st solid dielectric 6 on 
the 1st porous metal electrode 3 may be set to 3mm It fixed to the space between the 1st solid dielectric 
6 on the 1st porous metal electrode 3, and the 1st solid dielectric 6 on the 2nd porous metal electrode 4 
with the fixture installed in the location distant from the 1st porous metal electrode 3 (that is, the 2nd • 
solid dielectric was not used in this example of a comparison). 

[0055] Next, it is an oil sealed rotary pump (not shown) to lTorr. the following - being the same it 
exhausted from the exhaust port 12. Subsequently, after introducing 4 fluoride [ carbon ] gas of 
quantity -of-gas-flow lOsccm, and the gaseous helium of 990sccm(s) in the processing container 2 and 
making them into the atmospheric pressure of 760Torr from gas inlet 10a, it impressed with power (the 
frequency of 15kHz, 6.2kV, and 28mA), and surface treatment of a substrate was carried out for 10 
seconds. 

[0056] Next, contact angle measurement to the pure water of the processing side of the substrate after - 
processing was performed. Consequently, it turned out that front flesh-side both sides show the contact 
angle around 40 degrees, and are not ******(ed). Moreover, as a result of analyzing a processing side 
by X-ray photoelectron spectroscopy, it turned out that only about 10% of fluorine has carried out the 
chemical bond to the front face by the atomic ratio. 

[0057] In the example 1 of example of comparison 2 comparison, everything but having introduced 4 
fluoride [ carbon ] gas by quantity-of-gas-flow 5sccm from gas inlets 9a and 9b, respectively, and 
having introduced gaseous helium in the processing container 2 instead of [ gas inlet 10a ] having 
introduced 4 fluoride [ carbon ] gas of quantity-of-gas-flow lOsccm and the gaseous helium of 990sccm 
(s) in the processing container 2 from gas inlet 10a, processed like the example 1 of a comparison. 
[0058] Next, contact angle measurement to the pure water of the processing side of the substrate after 
processing was performed. Consequently, front flesh-side both sides were found by not being processed 
by dispersion homogeneity among 50 - 108 degrees. 

[0059] In the example 1 of example of comparison 3 comparison, instead of having introduced 4 
fluoride [ carbon ] gas of quantity-of-gas-flow lOsccm, and the gaseous helium of 990sccm(s) in the 
processing container 2 from gas inlet 10a The oxygen gas of quantity-of-gas-flow 20sccm The gaseous 
helium of 990sccm was introduced [ a / gas inlet 9/ b / gas inlet 9] for 4 fluoride [ carbon ] gas of 
quantity-of-gas-flow 20sccm in the processing container 2 from gas inlet 10a, And instead of having 
impressed with power (the frequency of 15kHz, 6.2kV, and 28mA), and having carried out surface 
treatment of a substrate for 10 seconds in the example 1 of a comparison Everything but having 
impressed with power (the frequency of 15kHz, 7.0kV, and 25mA), and having carried out surface 
treatment of a substrate for 15 seconds processed like the example 1 of a comparison. 
[0060] Next, contact angle measurement to the pure water of the processing side of the substrate after 
processing was performed. Consequently, it turned out that different processing in both sides of a 
substrate with which front flesh-side both sides are for 30 - 50 degrees, and were checked in the example 
4 is not.performed. 
[0061] 

[Effect of the Invention] Compared with the surface treatment approaches, such as plastics by the 
conventional low voltage glow discharge plasma, it does not need equipment and to be furnished for 
special vacuum formation, but the configuration of this invention is as above-mentioned, and handling is 
[ moreover, the special actuation for it is also unnecessary, and gas can be consumed efficiently, and it 
excels in the cost lowering effectiveness, and ] easy.. Moreover, since diffusion supply of the gas for a 
reaction is carried out in a plasma region at homogeneity, large-area-izing of the processing field which 
was the technical problem of the atmospheric pressure plasma is possible, and efficient utilization of the 
gas for a reaction is possible, furthermore, the thing simultaneously done [ front flesh-side both sides of 
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a substrate ] for surface treatment ~ possible — further — a table — back — ** — moreover it is possible 
tft carry out surface treatment, the block definition of a processing side is also possible and the 
repercussion effect on industry will be large from now on. 



[Translation done.] 
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